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Abstract
In this paper, we suggest a simple model which induces realistic flavor structure
from mixing of flavored Higgs doublets. The idea is based on the decoupling limit.
In a model with many Higgs doublets, the mass eigenstates of scalars are linear
combinations of Higgs doublets. If the mass matrix of Higgs fields has only one
massless mode, and if the linear combination has flavor dependence, the induced
Yukawa coupling will have nontrivial flavor structure.
We suggest a mass matrix of flavored Higgs fields in a U(2)L×U(2)R toy model.
An advantage of this model is that all of the elements in Yukawa matrix can be
determined from renormalizable Higgs potential.
1 Introduction
The discovery of the Higgs boson [1, 2] and its coupling analysis [3] reinforce the ex-
perimental validity of the Standard Model (SM). However, the model still has several
mysteries, e.g., theoretical origin of Higgs, the hierarchy problem, and the flavor puzzle.
If some flavored Higgs field exists [4–7], flavor structure can be mediated to the Higgs
sector by radiative or mixing mechanisms [5]. In the mixing context, several ideas induce
flavor structures from mixing between SM fermions and heavy fermionic partners, such as
universal seesaw mechanism [8,9], partial compositeness [10,11] and E6 twist mechanism
[12, 13]. However, the flavor structure perhaps originates in the scalar mixing. This idea
cannot be found as far as author knows.
In this paper, we suggest a simple model which induces realistic flavor structure from
mixing of flavored Higgs doublets. The idea is based on the decoupling limit [14, 15]. In
a model with many Higgs doublets (nHDM), the mass eigenstates of scalars are linear
combinations of Higgs doublets. If the mass matrix of Higgs fields has only one massless
mode, and if the linear combination has flavor dependence, the induced Yukawa coupling
will have nontrivial flavor structure. We suggest a mass matrix of flavored Higgs fields in
a U(2)L × U(2)R toy model.
An advantage of this model is that all of the elements in Yukawa matrix can be deter-
mined from renormalizable Higgs potential. This feature is substantially different from
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Froggatt–Nielsen mechanism [16] with many undetermined O(1) couplings. A drawbacks
are arbitrariness of mass parameters and fine-tunings. The heavy flavored Higgs bosons
have “natural mass”. By contrast, the mass of the lightest SM Higgs boson should be
fine-tuned. If the flavored Higgs fields are gauged Nambu–Goldstone bosons (NGBs),
such as in composite Higgs [17–19], Little Higgs [20, 21], twin Higgs [22], GIFT mecha-
nism with supersymmetry [23], these theories require TeV-scale partner fields that have
strong tension with current experiments. Therefore, in this idea, it is difficult to avoid
fine-tuning of the lightest Higgs mass.
Meanwhile, if the determinant of the mass matrix detM < 0 holds, mass of the lighter
boson becomes negative and triggers the electroweak symmetry breaking (bosonic seesaw
mechanism) [24–26]. Interplay between these ideas also seems to be interesting possibility.
2 Basic idea: the decoupling limit
The basic idea of this paper is based on the “decoupling limit” [14,15]. In the two Higgs
doublet model (2HDM), the mass eigenstates of Higgs fields are linear combinations of
two Higgs doublets φ ∼ aφ1+ bφ2. If one of the mass eigenstates have enough large mass,
the heavy state will be integrated out from the theory and overall factor of the Yukawa
matrices will be changed. In this section, we review this mechanism.
For the Higgs doublets φ1, φ2, the Higgs potential of the 2HDM is written by [27]
VH(φ1, φ2) =
1,2∑
a,b
mabφ
†
aφb +
1,2∑
a,b,c,d
λab,cd(φ
†
aφb)(φ
†
cφd). (1)
The mass matrix M is given by
φ†aMabφb ≡
(
φ†1 φ
†
2
)( m211 m11m22
m11m22 m
2
22
)(
φ1
φ2
)
. (2)
Here, we assumed reality condition m221 = m
2∗
12 and detM = m
2
11m
2
22 − m
4
12 = 0. This
matrix is diagonalized as(
m21 m
2
12
m212 m
2
2
)
=
(
cos β − sin β
sin β cos β
)(
0 0
0 m211 +m
2
22
)(
cos β sin β
− sin β cos β
)
. (3)
The mass eigenstates φ, φH are found to be(
φ
φH
)
=
(
cos β sin β
− sin β cos β
)(
φ1
φ2
)
⇔
(
φ1
φ2
)
=
(
cos β − sin β
sin β cos β
)(
φ
φH
)
. (4)
Then the massive eigenstate φH decouples from the low-energy theory (decoupling limit).
If the full potential of φi has symmetry breaking minima and φ1,2 develop vevs v1,2, the
decoupling is realized as far as mij ≫ vi(i, j = 1, 2) holds.
2
Yukawa interactions of quarks (with natural flavor conservation [28]) are
LY = Yuq¯LuRφ˜1 + Ydq¯LdRφ2 + h.c.. (5)
When the massive state φH is integrated out, it leads to
LY = Yuq¯LuR(cβφ˜−✟✟
✟sβφ˜H) + Ydq¯LdR(sβφ+✟✟
✟cβφH) + h.c. (6)
→ cβYuq¯LuRφ˜+ sβYdq¯LdRφ+ h.c., (7)
and the isospin violation of Yukawa interactions is introduced naturally. In some sense,
the decoupling limit of 2HDM induces the simplest flavor structure. Therefore, if we
extend this idea to the flavor space, the nontrivial flavor structure will be induced from
flavored Higgs mixing.
3 U(2)L × U(2)R toy model
For simplicity, we consider a toy model with U(2)L × U(2)R flavor symmetry. The Higgs
doublets are enlarged to a U(2)L × U(2)R bi-doublet scalar φ
ab
ij with gauge and flavor
indices a, b, i, j = 1, 2. Left-(right-)handed quarks are assigned to doublets of U(2)L(R).
There is an additional scalar field ηij that breaks the flavor symmetry. Table 1 shows
the charge assignments of the fermions and Higgs fields under the gauge and the flavor
symmetries.
SU(2)L SU(2)R U(2)L U(2)R
qaLi 2 1 2L 1R
qaRi 1 2 1L 2R
φabij 2 2 2L 2R
ηij 1 1 2L 2R
Table 1: The charge assignments of the fermions and Higgs fields under the gauge and
the flavor symmetries.
For these fields, the Yukawa interactions are given by
LY = Y q¯
a
Liφ
ab
ij q
b
Rj + h.c.. (8)
Here, Y is just a coupling and does not have any flavor structures. The coupling between
fermions and the scalar ηij is forbidden by the gauge symmetry.
The general (flavor breaking) mass matrix of φij is written as
φ†µMµνφν ≡
(
φ†0 φ
†
i
)(m200 m20j
m2i0 m
2
ij
)(
φ0
φj
)
. (9)
Here, we rewrite the bi-doublet Higgs as
φij = σ
µ
ijφµ, φν =
1
2
tr[σνφij], σ
µ ≡ (12, σ
1, σ2, σ3). (10)
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If φij is a hermitian matrix, φν becomes real field. In this case, φij is a general complex
matrix and then φν is also complex field.
The mass matrix is diagonalized by a unitary matrix U :
φ†µMµνφν = φ
†
µUµρM
diag
ρ U
†
ρνφν . (11)
Then, the mass eigenstates Φρ are found to be Φρ = U
†
ρνφν (and then φµ = UµνΦν). Here
we assume the eigenvalues of M has only one zero, such as Mdiagρ ∼ diag(0,M,M,M).
Then Φ0 is the massless mode and massive modes Φi will be integrated out. The Yukawa
interactions are modified as
LY = Y q¯LiφijqRj → q¯Li Y σ
µ
ijUµ0Φ0qRj . (12)
If we identify Φ0 as the Higgs boson, the Yukawa matrices found to be Yq = Y σ
µ
ijUµ0. Or,
in components,
Yq = Y σ
µUµ0 = Y
(
U00 + U30 U10 − iU20
U10 + iU20 U00 − U30
)
. (13)
Therefore, when the heavy Higgs fields Φi are integrated out, the massless Higgs field Φ0
will have nontrivial flavor structures. In the following, we consider a concrete mass matrix
which induces realistic flavor structures.
3.1 U(2)L × U(2)R breaking mass terms
The general analysis of the Higgs potential is troublesome because there are so many free
parameters. Then, we tentatively assume several interactions for a desirable mass matrix
that induces proper eigenstates and mixing.
The flavor symmetry is partially broken by the vev of the scalar ηij :
〈ηij〉 =
(
V 0
0 0
)
. (14)
The spontaneous symmetry breaking (SSB) is transmitted to the yukawa coupling by
interactions between η and φ fields.
Here, we assume the following interactions
Li =
∑
a,b
a1tr[φ
abφba†ηη†] + a2tr[φ
ab†φbaηη†], (15)
with coupling constants a1,2. The trace is summed over flavor indices i, j. According to
the SSB, these interactions induce flavor violating mass of φabij (hereafter gauge indices
a, b are abbreviated)
Li → V
2[a1(|φ11|
2 + |φ12|
2) + a2(|φ11|
2 + |φ21|
2)]. (16)
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Note that the φ22 field remain massless (at tree level).
This SSB induces several massless NGBs. In order to produce finite mass of these
NGBs, we introduce the mass term that violates U(2)L × U(2)R explicitly:
Le =
∑
a,b
tr[φabφba†
(
0 m2
m2 0
)
] + tr[φab†φba
(
0 m2
m2 0
)
] (17)
= m2[φ11φ
∗
21 + φ12φ
∗
22 + φ21φ
∗
11 + φ22φ
∗
12] +m
2[φ∗11φ12 + φ
∗
21φ22 + φ
∗
12φ11 + φ
∗
22φ21].
(18)
Here, m≪ V is a mass parameter. By these terms, the U(2)L × U(2)R flavor symmetry
is broken to U(1)V , and flavor mixing is introduced.
From Eqs. (15) and (18), the mass matrix of φij is found to be
φ∗Mφ ≡
(
φ11 φ12 φ21 φ22
)∗


M21 +M
2
2 m
2 m2 0
m2 M21 0 m
2
m2 0 M22 m
2
0 m2 m2 0




φ11
φ12
φ21
φ22

 , (19)
with M21,2 ≡ a1,2V
2. This mass matrix is perturbatively diagonalized as U †1U
†
2MU2U1 =
Mdiag, Mdiag = diag(M21 +M
2
2 , M
2
1 , M
2
2 , −
m4
M2
1
− m
4
M2
2
), where
U1 =


1 0 −λR 0
0 1 0 −λR
λR 0 1 0
0 λR 0 1

 , U2 =


1 −λL 0 0
λL 1 0 0
0 0 1 −λL
0 0 λL 1

 , (20)
with λR,L = m
2/M21,2. The mass eigenstate Φ is defined as Φ ≡ U
†
1U
†
2φij . The fourth
component of Φ is almost massless. Then the original field φij is rewritten by Φ as


φ11
φ12
φ21
φ22

 = U2U1


Φ1
Φ2
Φ3
Φ0

 =


m2
M2
2
M2
1
Φ0 + · · ·
−m
2
M2
1
Φ0 + · · ·
−m
2
M2
2
Φ0 + · · ·
Φ0 + · · ·

 . (21)
When the heavy fields Φ1,2,3 are integrated out from the low-energy theory, we obtain the
hierarchical (lopsided) Yukawa matrix
LY = Y q¯
a
Liφ
ab
ij q
b
Rj + h.c.→ Yij q¯
a
LiΦ
ab
0 q
b
Rj + h.c., (22)
where
Yij ≃ Y
(
λLλR −λR
−λL 1
)
. (23)
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This example is rather artificial, nevertheless, it shows nontrivial flavor structure from
mixing of flavored Higgs doublet. The Yukawa matrix can be interpreted as a result of
higher dimensional operator [29](
0 λ
λ 1
)
∼
(
0 〈θ〉
〈∆〉
〈θ〉
〈∆〉
1
)
, ⇐ L =
θ
〈∆〉
H˜(q¯L1uR2 + q¯L2uR1) + h.c. . (24)
However, this flavor structure is in principle originated from renormalizable Higgs poten-
tial. Meanwhile, in this example, mass of the lightest boson becomes negative M0 =
−m
4
M2
1
− m
4
M2
2
and triggers the electroweak symmetry breaking (bosonic seesaw mecha-
nism) [24–26]. Interplay between these ideas also seems to be interesting possibility.
3.2 Fine-tunings of Higgs bosons
The lightest Higgs field in this example is not protected any symmetry and then the
mass parameters should be fine-tuned when quantum corrections are included. On the
other hand, the flavor symmetry is spontaneously broken and NGB emerges. Then, it is
natural to consider whether the flavored Higgs bosons can be some NGBs or not. This
kind of theory contains composite Higgs [17–19], Little Higgs [20, 21], twin Higgs [22],
GIFT mechanism with supersymmetry [23], and so on. If the Higgs boson is a gauged
NGB, the mass parameters Eqs. (15) and (18) (or Eq. (19)) can be treated as breaking
of original symmetry, like in the chiral perturbation theory [30].
In a theory with gauged NGBs, usually gauge interactions violate the global symmetry
which protect the NGBs massless. Then these theories require some TeV-scale partner
fields to restrain quadratic divergences. However, direct and indirect searches by LHC
and several flavor experiments severely restrict such TeV-scale partners. Therefore, in
this idea, it is difficult to avoid fine-tunings unless an essentially new mass protection
mechanism of scalar fields.
4 Conclusions
In this paper, we suggest a simple model which induces realistic flavor structure from
mixing of flavored Higgs doublets. The idea is based on the decoupling limit. In a model
with many Higgs doublets, the mass eigenstates of scalars are linear combinations of Higgs
doublets. If the mass matrix of Higgs fields has only one massless mode, and if the linear
combination has flavor dependence, the induced Yukawa coupling will have nontrivial
flavor structure. We suggest a mass matrix of flavored Higgs fields in a U(2)L × U(2)R
toy model.
An advantage of this model is that all of the elements in Yukawa matrix can be
determined from renormalizable Higgs potential. This feature is substantially different
from Froggatt–Nielsen mechanism with many undetermined O(1) couplings. A drawbacks
are arbitrariness of mass parameters and fine-tunings. The heavy flavored Higgs bosons
have “natural mass”. By contrast, the mass of the lightest SM Higgs boson should be
6
fine-tuned. If the flavored Higgs fields are gauged NGBs, such as in composite Higgs
[17–19], Little Higgs [20, 21], twin Higgs [22], GIFT mechanism with supersymmetry
[23], these theories require TeV-scale partner fields that have strong tension with current
experiments. Therefore, in this idea, it is difficult to avoid fine-tunings of the lightest
Higgs mass.
Meanwhile, if the determinant of the mass matrix detM < 0 holds, mass of the lighter
boson becomes negative and triggers the electroweak symmetry breaking (bosonic seesaw
mechanism). Interplay between these ideas also seems to be interesting possibility.
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